Introducere: Rezecţia hepatică reprezintă singurul tratament potenţial curativ al tumorilor hepatice maligne primitive sau secundare. Cea mai ameninţătoare complicaţie a hepatectomiilor extinse este insuficienţa hepatică postoperatorie datorată volumului hepatic rezidual insuficient. Tehnica ALPPS (Associating Liver Partition and Portal vein ligation for Staged hepatectomy) creşte semnificativ rata rezecabilităţii tumorilor hepatice nerezecabile prin procedeele standard, ca urmare a inducerii unei hipertrofii mai importante într-un interval de timp mai scurt, scăzând astfel riscul insuficienţei hepatice postoperatorii. Scop: Prezentarea tehnicii clasice a procedeului ALPPS (trisecţionectomia dreaptă) şi a variantelor sale care au fost elaborate pentru reducerea ratelor înalte ale morbidităţii şi mortalităţii postoperatorii (care au fost raportate în seriile iniţiale). Tehnica: ALPPS implică doi timpi operatori. Primul constă în ligatura ramului drept portal şi partiţia "in situ" a ficatului la nivelul planului intersecţional stâng ("in situ splitting"). Spre deosebire de hepatectomiile clasice, porţiunea de ficat tumoral va fi lăsată pe loc, fiind vascularizată numai de artera hepatică dreaptă. Canalul hepatic drept şi venele hepatice trebuie prezervate, rămânând intacte după primul timp operator. Al doilea timp operator implică rezecţia porţiunii de ficat tumoral, prin secţionarea arterei hepatice drepte, a canalului hepatic drept şi a venelor hepatice eferente ale acestuia. De obicei, al doilea timp operator se desfăşoară la 7-15 zile de la prima operaţie. Concluzii: ALPPS este un procedeu chirurgical adresat tumorilor
Introduction
Hepatic resection is the curative treatment for liver malignancies, which are considered inoperable if FLR is insufficient -volumetric and functional. The limits of liver surgery were extended by improving the rate of FLR regeneration via portal vein ligation (PVL) or embolization (PVE). The first surgical technique that used portal flow modulation to hypertrophy the FLR, followed by hepatectomy within 6-41 days, was published in 1990 (1) . Various variants of two-stage traditional hepatectomy (TSH) were described later, where portal vein occlusion was followed by hepatic resection, after 4-8 weeks (2) . The most common causes for failure to complete surgical resection after PVL/PVL are inadequate hypertrophy of the FLR or local/systemic progression of cancer (3, 4) .
The ALPPS technique was first published in 2012 and it is innovative by the fact that it associates PVL with ISS of hepatic parenchyma, thereby inducing an efficient and a rapid growth hepatice nerezecabile prin hepatectomiile clasice (chiar şi după ligatura sau embolizarea ramului drept portal). Printr-o selecţie atentă a pacienţilor şi printr-o tehnică minuţioasă adaptată fiecărui caz, au fost înregistrate rezultate postoperatorii superioare celor raportate iniţial, ceea ce a condus la practicarea pe scară tot mai largă a acestui procedeu.
Cuvinte cheie: ALPPS, metastaze hepatice colorectale, ligatura ramului drept portal, chirurgie hepatică, tumori hepatice nerezecabile Abstract Background: Hepatic resection is the only potentially curative treatment for primary liver tumors and hepatic metastases. The most frightening postoperative complication of extensive hepatectomies is liver failure due to insufficient future liver remnant (FLR). The ALPPS technique (Associating Liver Partition and Portal vein Ligation for Staged hepatectomy) effectively increased the resectability of otherwise inoperable liver tumors (primary or secondary malignant liver tumor) by achieving a rapid and an effective hypertrophy of the FLR, which lowers postoperative liver failure risk. Aim: To present the ALPPS classic right trisectionectomy and its technical variants which were invented to decrease the high rate of post-operative morbidity and mortality, reported in early case series. Technique: ALPPS involves two stages. The first surgical procedure consists in the ligation of the right portal branch and the partition of the liver at the site of the falciform ligament (insitu splitting). In contrast to a classical hepatectomy, the tumoral hemiliver is left in situ and remains vascularized by the right hepatic artery only. The biliary and systemic venous drainages represented by the right biliary duct and respectively the hepatic veins, are preserved. The second step of the procedure is usually performed within 7 to 15 days after the firststage. The tumoral hemiliver is removed by sectioning the right hepatic artery, the biliary duct and the systemic venous pedicle. Conclusions: The ALPPS technique is a therapeutic method for inoperable liver tumors by standard methods of hepatectomy ± portal vein ligation (PVL). By careful patient selection and technical adjustment to the particular conditions of each case, better outcomes have been achieved, leading toan increasing number of surgeons who perform ALPPS.
(7-10 days) of the FLR. This way both of the above mentioned disadvantages are diminished (5) . The main advantage of ALPPS is that it can reduce the timeinterval between the two stages of the operation, thus diminishingthe risk of the disease progression. In addition, it allows for earlier assessment of abdominal cavity and liver quality. The pathophysiological mechanism of ALPPS remains unclear, but the effect is increased FLR hypertrophy. By dividing the hepatic parenchyma, the venous collaterals of the left and right hemilivers are interrupted, resultingin a more efficient redistribution of the portal flow, andsubsequently inducinga faster hypertrophy of the FLR. (Figs. 1,2,3,4) In ALPPS, the FLR volume increase was 14.4 ± 4.8 mL/d vs. 3.66 ± 2.2 mL/d in PVE, but from a functional point of view this difference is no longer so obvious. The histological changes of the FLR, detected by electronic microscopy are similar to those in the recovery of post-acute hepatitis (higher density of immature hepatocytes, glycogen accumulation, elevated Ki67) and are determined by hepatic congestion (a large flow of portal blood is routed into a small hepatic fragment) (6) . Initially the ALPPS technique was associated with a high rate of morbidity (68% of patients experienced perioperative complications) and mortality (at 6 months after resection 12% of patients were dead) (5). These parameters were significantly improved by the modification of the 
Indications
An important role in the indication of the ALPPS procedure is played by the percentage of FLR, which is the ratio between the volume of FLR (mL) and total functional liver; the latter represents the difference between the total liver volume and the tumor volume (8) .
The ALPPSprocedure is reserved only for patients whose FLR is inadequate.
In the early years, due to associated risks,this technique was indicated only when FLR was up to 20% (of the normal liver parenchyma). Better results achieved in recent years by improving surgical techniques have increased confidence in this method and the indication has expanded to patients whose FLR was about 30%. In patients with chemotherapyinduced liver injury or cirrhosis, it could also be applicable in patients with an estimated FLR of 40% (9) .
In terms of diagnosis, the main indication for ALPPS is colorectal liver metastases (CRLM) and a small number of surgeons (16%) consider this to be the only indication for ALPPS (10) . A large number of CRLM patients benefited from neoadjuvant chemotherapy, but the response was not critical for the indication of ALPPS (both CRLMs that have had a favorable or partial response to chemotherapy and tumors that have progressed under treatment can be resected). The ALPPS procedure was also used as a new "liver-first" approach to treating CRLM (11) .
The ALPPS technique is also applied in primary liver tumors. Hilar cholangiocarcinoma and gallbladder cancer are accepted by only 27% of surgeons as an indication for ALPPS because morbidity and mortality are higher than CRLM, especially when biliary reconstruction is needed (10) . The ALPPS procedure for hepatocellular carcinoma correlates with the degree of chronic liver damage, because in this context the liver regeneration is less predictable (12) . Most surgeons (95%) consider that Child Pugh Class B cirrhosis is an absolute contraindication to ALPPS, while in Child Pugh A cirrhotic patients, up to 18% surgeons would recommend this approach (10) . Also, the primary hepatic lymphoma could be managed by ALPPS (13) . This technique is contraindicated by presence of distant metastases (except potentially resectable lung metastases), the age higher than 75 years old, the advanced chronic liver disease (Fibrosis Metavir stage ≥ F3) and macrovesicular steatosis greater than 50% (14) .
Technical consideration -Classic Right trisectionectomy ALPPS (Fig. 5)
The surgical approach is through right subcostal incision or Mercedes Benz incision. Exploration of the peritoneal cavity aims at detecting extrahepatic lesions that would contraindicate surgery (with a radical oncological visa). The resectability of the tumor is subsequently assessed using intraoperative ultrasound, which allows both a complete balance of the lesions and their location and the relationship with the blood vessels. The small tumors in the left lateral lobe are resected. The liver is mobilized by cutting teres, falciform and triangular ligaments. The right hemiliver is released from the inferior vein cava by ligating and cutting the accessory liver veins (Fig. 6 ).
Then the right hepatic vein is dissected and is placed on a vessel loop (Fig. 7) . Routine colecistectomy is practiced, which is followed by the dissection of liver pedicle elements. The right branch of the portal vein is sectioned between ligatures (Fig. 8) , and the right hepatic artery and right biliary duct are isolated and keptinto a vessel loop. If the bile duct for segment IV can be identified, it is added into the vessel loop. Finally, the total parenchymal dissection (Fig. 9 ) using the hanging maneuver plane (Fig. 10) at the right of the falciform ligament is performed using the various hepatic trans- section techniques: kelly clamp and bipolar forceps, water jet dissection (Helix Hydro-jet, Erbe), ultrasonic dissection (Cavitron Ultrasonic Surgical Aspirator, Dissectron, Integra NeuroSciences), ultrasound dissection (Ultracision, EthiconEndo-Surgery) or dissecting sealer (TissueLink). After in situ splitting the right hemiliver including segment IV is covered by a biomaterial or a plastic bagto avoid adhesions prior the second stage and to collect the bile in case of bile leakage. Sometimes a Foley cathetercould be placed on the cut surface of the liverto avoid the development of the adhesions until the second operation (Fig. 11) . The abdomen is drained and closed (5, 11) . Approximately one week (5-10 days) after PVL and parenchymal transsection, the increase in volume of FLR is checked by computer tomography and the second phase of ALPPS is decided (Fig. 12) . A repeat laparotomy is performed and the plastic bag is removed. Then the surgeon cuts off the right hepatic artery, the right bile duct and the right and middle hepatic veins and removes the tumoral hemiliver. The left lateral lobe is then fixed to the residual falciform ligament to prevent its torsion around the left hepatic vein. Sometimes it may be necessary to reconstruct the bile ductby a Roux-en-Y hepaticojejunostomy. The peritoneal cavity is drained and the abdomen is closed.
This technique was initially associated with high perioperative morbidity, with 68% of patients presenting complications of varying degrees and a 90-day mortality rate of 12% (5). To improve these results, the technique has been continuously refined and nowadays a large number of technical modifications of the ALPPS procedure are described. Non-touch technique or "hybrid ALPPS" uses an anterior approach without the mobilization of right hemiliver and with the hepatoduodenal ligament left intact. Right PVE is performed by interventional radiology in the first few days following the operation, thus avoiding congestion and inflammation of the FLR (15, 16) . Low manipulation of tumoral hemiliver decreases, at least theoretically, the risk of oncological dissemination, but also reduces vascular control during hepatic parenchyma dissection (17) .
The following three technical variants replace the classical transection of liver parenchyma with other methods aimed at interrupting the collaterals from the portal circulation between diseased hemiliver and FLR. These surgical procedures determine a hypertrophy of the FLR similar to the standard technique, but surgical complications are significantly reduced (no biliary fistula was detected, so the septic complication rate is significantly decreased). This technique interrupts all collateral vessels between hemilivers (confirmed with intraoperative ultrasound) by using a tourniquet positioned around the liver following either Cantlie's line or the right of the umbilical fissure through a 1 cm deep groove in the parenchyma. The authors reported results similar to standard technique (hypertrophy of the FLR of 150%), but the time and complexity of the intervention are lower, leading to an improvement in morbidity (18) . Sequential ALTPS is a variant of ALTPS in which the first stage consists of applying the tourniquet, without PVL. After 4 days postoperatively PVE is performed. It is indicated in perihilar tumors to allow a "nontouch" approach in order to reduce tumor spread. The delayed PVE may be related to a reduced impact and severity of venous congestion in the FLR (19) .
After right PVL an in-line radiofrequency ablation (RFA) probe is applied to the parenchyma at the site of the demarcation (this producesa line of avascular necrosis along the future line of transection). This technique ceases blood flow from the FLR to the diseased hemiliver without a physical parenchymal split. No statistical difference was reported in a median 54% increase in FLR in the RALPP group after a median of 20 days compared to a median increase in FLR of 67% after a median of 21 days. (20, 21) The use of microwave ablation during the first stage through laparoscopic approach along the future plan of transection is associated with a 78% increase in FLR and a low number of complications (CD II -1). On day 10, diseased hemiliver removal is easily accomplished due to reduced adhesions (22) . Other authors also perform the second phase laparoscopically using Pfannenstiel incision to remove the hepatectomy piece (23) .
It involves only partial transection (between 50%-80% of the future transection plane) of the liver parenchyma during the first stage. The data indicate that p-ALPPS triggers rapid hypertrophy of the FLR, similar to ALPPS (60% vs 61% median FLR hypertrophy), allowing a rapid completion of the 2-stage hepatectomy without severe postoperative complications (rate of severe complications CD ≥ IIIb 0% vs 33%). The lower rate of complications can be explained by the decrease of segment ischemia, due to the partial maintenance of the vascularisation as the result of a smaller parenchymal split. (24, 25) .
Was initially applied in the first stage of the ALPPS procedure, and was subsequently described exclusively in the laparoscopic ALPPS (26) (27) (28) . Pneumoperitoneum reduces the systemic inflammatory response thus diminishing the chance of postoperative liver failure. Another way to reduce liver failure and therefore liver-related morbidity is to reduce liver ischemia by avoiding blood loss. Haemostasis during hepatic parenchymal dissection can be made by continuous selective clamping of the common hepatic artery, maintaining hepato-cellular function. After completion of liver partitioning, right portal vein is ligated (29) .
Various modifications of ALPPS that alter the specific segments comprising the FLR have been described including left-sided ALPPS, segment 4 ALPPS and monosegmental ALPPS (30, 31) . The ALPPS monosegment is the technique by which 7 Couinaud segments are removed and the FLR being represented by one of the segments II, III, IV or VI (to which segment I may be added) (Fig. 13) . (31) Increased morbidity and mortality associated with the ALPPS procedure is often the consequence of complete devascularization of segment IV. Ischemic necrosis and infection (hepatic abscess, biliary fistula) can be prevented by various methods: the use of antibiotics between surgeries (32), the adoption of p-ALPPS which by partial parenchymal split preserves some of the segment IV vascularization, preserving the middle hepatic vein that prevents congestion of segment IV (33) and last but not least the resection of segment IV to avoid bile leak (34) .
Biliary Complications
Biliary fistulae in the first stage of ALPPS can be identified by various methods (injection of methylene blue, Kabiven periferous or serum through the cystic duct). Intraoperative colangiography is generally reserved for the second stage. Some authors ligate the bile duct that serves the tumoral hemiliverin order to accelerate FLR hypertrophy, but thus increase by up to 88% the percentage of biliary complications (35) . Ischemia of segment IV favors the development of biliary fistulas and bilomae -the management has been previously described. Some authors recommend the resection of segment I in the right trisectionectomy even if it did not have tumoral infiltration, in order to facilitate the bile ducts dissection during parenchyma transsection, thus lowering the rate of biliary complications (36) . It is recommended to keep the hepatoduodenal ligament in order to avoid complete disruption of the vascularization of segment IV (33) .
There are several methods of treating hepatectomy transits in the first stage of ALPPS to reduce adhesions and to facilitate the removal of liver tumor in stage 2. Frequently, a plastic bag is used in which the diseased hemiliver is introduced, which can collect the bile in case of a biliary fistula. It is possible to use a plastic sheath between the transection surface. Both methods require a reintervention to suppress them if FLR hypertrophy is not optimal and the removal of the tumoral hemiliveris not completed. This disadvantage is solved by: using a Foley catheter (13) , omentoplasty (37) , applying fibrin glue to the transection surface, using acellular collagen membranes or argon beam coagulation.
Outcome
Initially, the ALPPS technique was associated with a morbidity (CD > III) of 44% and mortality as high as 12% (5) . The improvement of the technique and the careful selection of patients have led in the last years to a significant improvement of mortality at 90 days 8.8-9%, CD > IIIb 27% (26, 38, 39) . Independent factors for severe complications were red blood cell transfusion, duration of stage I surgery greater than 300 minutes, age more than 60 years and non-colorectal liver metastases (hepatocellular carcinoma develops in patients with cirrhosis, gallbladder cancer or cholangiocarcinoma which requires biliary reconstruction). Patients with CRLM at the age of 60 years and younger had a severe complication rate of 16% and a 90-days mortality of 5.1% (10, 39) .
The predominant cause for 90-day mortality was postoperative liver failure in 75% of patients and 14% of patients developed liver failure according to ISGLS criteria already after first stage. MELD>10 before stage-2 was a significantly high risk for 90-day mortality. Size of FLR before stage-2 and time between stages were not predictive (38) . 
Long-term Oncologic Outcomes
Overall survival, however, is at 6 months between 86 and 100%, dropping to 59% at 2 years (33, 39) . The main cause of the dramatic decrease in survival rate is the recurrence of neoplastic disease (both liver-specific and extrahepatic). In the larger series of patients from the ALPPS registry, in those undergoing ALPPS for CRLM, the first and second year disease-free survival is 59% and 41%, respectively (39) .
Conclusions
ALPPS is an innovative surgical technique, which permits to extend the indication of hepatectomyto liver tumors considered unresectable by other techniques due to the fact that the liver parenchyma is insufficientvolumetric and functional. The novelty element of this technique is represented by the split between the venous collaterals placed between the tumoral liver and FLR, which, together with PVL result in a more efficient redistribution of the portal flow compared with the two-stage hepatectomy. The portal flow is a trigger for the liver hypertrophy and thus results in a rapid and efficient increase of FLR, decreasing the risk of postoperative liver failure. The high rate of FLR hypertrophy significantly reduces the time between the two stages (from 4-8 weeks to 6-14 days), decreasing the risk of local and distant progression of the malignant disease. Initially, the morbidity and mortality rates associated to this technique were high but modifications of ALPPS and a more careful patient selection have resulted in better outcomes and a growing number of surgeons accept and employ this technique.
